WD 2011/ 030149PCT/ GB2010/ 051501 1 PUMPI NG DEVI CE Technical Field 5The
present invention relates to wave-powered punpi ng devices. More

speci fi cavbypiidser4pr esent invention relates to a punpi ngcumB20s/dsos01USe i n
tidal waters. Background 10Wave-powered punping devices are known.
Typically these devices include a punp that is driven by the vertical

di spl acement of a float |ocated at the surface of a body of water, for
exanple at the surface of the sea. Wave- power ed punpi ng devi ces nmay be used
to punp water through turbines to dDéﬁMPH‘F%QE%@%eI ectricity, or they may be
used to punp water to a reservoir onshore where it is stored for |ater use,
for example_to 159enerate hydr oel ectricity on demand. An exanple of a known
punpi ng devik ribed in Applicant's granted patent GB 2453670 B, and
shown herein in Figure 1. Referring to Figure 1, the known punping device

i ncludes_a urrp sup gorted on a subnerged pl atform30 The platform 30 is
20coupl e t dNe REessaRinMRHiog TelgipsHo MRYPPOPgredhpMPigg SigKpes-t Marauprachkelly iha he

wat er by anprREelin@Rbn (1985 t@apumbﬁgmmelfmkeqkeﬁdam@lte%gon 12 arranged for
reci procal notion within a cylinder A connecting nenber 5 connects the

piston 12 to a weighted float 2 arranged at the surface of the sea. 25In

use, the wepghtfsurdd oat 2 rises with increasing wave height and falls under
gravity as e wave passes. This vertical displacenent of the weighted

float 2 with passing waves drives the reciprocating novenent of the piston

12 and @@nn%v'e%wm&imén%éﬂbék ér@%n@%h' 'T'?@éal@ th@é%e@%%ldcﬁjd@%nm acting

and operates as fol ton 12, water

into the cyrhaﬁ&é#'vgntbhmﬂmﬁft %disra'pé%me%q;é fiog lafiog ?hﬁbptsaﬁé%%fwb@b\/ﬁt er is
expel | ed fr Q@drer ExMMEEE the sUREQUETINGBe L UNaGs-pYRENR paimfiy devitRBIn&Y ik 10;

used to pump water through turbines to generate hydroelectricity, or they may be used to
pump water to a reservoir onshore where it is stored for later use, for example to

15  generate hydroelectricity on demand.

An example of a known pumping device is described in Applicant’'s granted patent
GB 2453670 B, and shown herein in Figure 1. Referring to Figure 1, the known pumping
device includes a pump supported on a submerged platform 30. The platform 30 is

20  coupled to the sea bed 31 by a chain 28, and is supported upright in the water by an
underwater float 21. The pump includes a piston 12 arranged for reciprocal motion
within a cylinder 9. A connecting member 5§ connects the piston 12 to a weighted float 2

arranged at the surface of the sea.

25 In use, the weighted float 2 rises with increasing wave height and falls under gravity as
the wave passes. This vertical displacement of the weighted float 2 with passing waves
drives the reciprocating movement of the piston 12 and connecting member 5 within the
cylinder 9. The pump is double acting and operates as follows: on an upstroke of the
piston 12, water is drawn into the cylinder 9 through an inlet valve 14 and simultaneously

30  water is expelled from the cylinder 9 through an outlet valve 8 via a manifold 10;
conversely, on a downstroke of the piston 12, water is drawn into the cylinder 9 through
an inlet valve 7 and simultaneously water is expelled from the cylinder 9 through an

outlet valve 13 via the manifold 10.

35 The platform 30 may be raised or lowered in the water to adjust the height of the pump to

suit varying tidal conditions. To this end, the platform 30 comprises an air filled column



conversely, on a downstroke of the piston 12, water is drawn into the
cylinder 9 through an inlet valve 7 and sinultaneously water is expelled
fromthe wolaonaso149 t hrough an outlet valve 13 via the wamideboh/osdsor WO
2011/ 030149PCT/ GB2010/ 051501 2 22, which is noveable in tel escopic relation
to a flooded cylinder 23. As the water | e¥el rises in the body of water,
for exanple with arising tide, the weighted float 2 also rises and |ifts

t he connecting nenber 5 relative to the cylinder 9. Once the connecting
nmenber 5 reddh¥ich isqnensrPlelfielsacepisirelation rﬁfﬂC}?é*E?@W'irWGé??’ 9As theevaighierelui ng

upwar d 5t raygds iAfind beayWtivelidretdr bkaaple it 4 rhsnﬁé”'ﬂ‘der ks \ﬂ&glﬁﬂegﬂoﬁt@}@l@é rikde air
filled colum 22 to extend relative to the flooded | rnder 23. At its

base, the fPBUECEFPIRRIERI E@m%ﬁdﬁlégveatoéﬂ%ﬂlﬁﬁerr%l afe theicepngdinge 25 and

a pressure h%'rﬁt%fr 5%‘&(!h%% |t¥%dkﬁm?rﬁext‘éﬁsbh¢roﬁ4 the lcidgeflo, Ctﬁla @mln%%g%/\%mis with
rising tides, is drawn 10t hrough the suction relief inlet valve 25

into a c%anBéYel @éfﬂ%@gﬁtﬁ%fl%ﬁlw e Tiging tidpcausasi theair fiterd catyhy 7 depytend o

al ow the cedistie tg%etﬂbogga cAfdepd.h falling tides to |ower the height of
the punp, water is expelled fromthe chanber through the pressure relief

outlet valve 26. The suction relief inlet valve 25 and the pressure relief

outlet valvat @bé’s{eeth%ﬂ‘too'%j@d WI%&% ﬁclﬂM@g §'éh¢t£bn|r8ﬁ‘éf iflét VAR5t £Hebdme 22
in a position that allows erate within its normal stroke.

Adj usting t F@'eﬁ@ﬂt@ﬁt’a%? 2. hés Hlﬁw%n{)wdt%@mv()aggﬁx"ﬁ%dﬁ WHbRtiRthtdasewales s drawn

ensur esqd hathrblh BE¥Bctich r@ﬁeftnh@t &%rﬁﬁto@érﬁmbefr Be&%h@ﬁ@c&%ﬁ@b'aﬁd the €.
the weighted float 2 can and ensures conponent s

of the punpFHigigest cgorafteéseﬂ)\f 1 BC e PO TP GG WS inESHS fEE ey

exanpl e, if hgiget &eh@b@mefwéteﬁsl@ugalemnf ihéee@lamibeemrﬁrghhhapretss&i@&elte*ﬁeumrrp
woul d be positioned too e water his woul d resu in

equi |i bri um'p¥e2ei dhe éT’Cttoﬁ\ge'Wéi’%tVéHefzﬁc?é‘@ the pEspyeralist patetvalygbree peinp,

whi ch woul dipgeviaah Hydrauht R o Adld iHeOEBIRE LatH ABoatorfthbtailowdRsd p@KE 9 t8SAL
high tides, if the equilibriumposition of the weighted float 2 is too far

fromth& puﬁBera¥9n‘%'”B'bﬁ?1€%rmar'1§tr?l'@nber 5 woul d extend significantly fromthe
punp for long periods of time. In this extended position, the connecting

menber 5 woul d not be protected by the cylinder 9, and would be exposed to
sever e | at efdlusting Bedehbolibe R InEieeNRt IS iRPernt Ragasiee itansuEs i dis ng

menber 5 i spiRges fthEBbRéct ABRIhRSpRrR8BbImAlly AN HRY wéibhted float 2 can move up
and down, and ensures that the components of the pumping device are protected from
20 extreme loads and forces. For example, if the height of the pump was fixed, then at high
tides the pump would be positioned too low in the water. This would result in the
equilibrium position of the weighted float 2 being too far from the pump, which would

prevent the piston 12 from operating on a full upstroke.

25 At high tides, if the equilibrium position of the weighted float 2 is too far from the pump,
the connecting member 5 would extend significantly from the pump for long periods of
time. In this extended position, the connecting member 5 would not be protected by the
cylinder 9, and would be exposed to severe lateral forces due to wave movement in the
water. The connecting member 5 is made of metal and has a small diameter in

30  comparison to the internal diameter of the cylinder 9. The connecting member 5 extends
through the pumping chamber, and hence a small diameter is required in order to
maximise the pumping capacity of the device on the upward pumping stroke. As a result
of its small diameter, the connecting member 5 could bend or buckle under lateral forces
if extended from the cylinder 9 for long periods. Consequently it is necessary to have a

35 height-adjustable platform to prevent the connecting member 5 from being extended

from the cylinder 9 for long periods.



30conparison to the internal dianeter of the cylinder 9. The connecting
menber 5 extends through the punping chanber, and hence a snall dianeter is
requi red wo 20ridBo14b0 nmaxi m se the punping capacity of treTwB20DR50501t he
upward punping stroke. As a result of its small dianeter, the connecting
menber 5 coul d bend or buckle under |aterdl forces if extended fromthe
cylinder 9 for long periods. Consequently it is necessary to have a

35hei ght -adj ustabl e platformto prevent the connecting nenber 5 from being
extended fromthe cylinder 9 for Iong periods. WO

2011/ 0301495\%%@8@9&(3@51%@9%9% a\%k/é With rEBreP¥s tEFGHRSL b8 Weh DAY Prateht

reference to Figure 1 works well, the present invention ains to provide an
alternati ve'”d@ﬂtﬁﬂ”r@mééQ/P@é'dﬁfa”sqnﬁmﬁ“Y‘? ewneeaéiev'eepfemp“fmw 8f- t he
invention According to a first aspect of the present invention there is
provi ded_a wave- power ed punpi ng device for location in a body of water, the
punpi ng Yev ntigd subner si bl e cylinder to be anchored to the bed
of the body of water, the cylinder defining 10 a bore; an underwater fl oat
acting on the cyli nder t he underwater float being arranged to urge the
cylinder i nﬁéc%ﬁ'”eﬁf’lagf‘ﬁs" asreshhtheopresanttiRkeniian dhereds Piipvidadea fyaygroxterethged

to float at uﬂbm@'@éﬂ:e‘eﬂﬂ%&aﬂoﬂ m'fé‘%o‘éjyrdﬁffi\ﬁfﬁteiafthTeh@udﬁ?ﬁlﬁl?fI defwc\é’aé&ﬁprlsﬂwgusae to
nove up and dovvn in the er in accordance w ve novenent and

bo
tidal novenEyRMersine aHinds" dﬁé&%CW%chG@ﬁQMFWW&W@F% 6@ cviler feTeung

the el ongat g paRsTRATUNASHARREH ot aé‘t%gtdﬁ' tﬁé%ﬂih'déﬂhrﬁé’urﬁd@r@atbhﬂoéi%'éﬁmgcﬁrrahbéd to
subnersible cylinder to define a p nber within the cyli

wher ei n:  t h&rdgdha syinger t”ﬁea'bHPrWrﬁ@”EWQH%W tog,waé%r sracRfRat ﬁﬁ%@%’ntp fioat 4

punpi ng cyche oF @lode @olighitdd theb B & f deof%&bﬁruseno Ve koW i he
el ongate menmber and to punp fluid out of punpi ng chanber on a

downst r oke &t ey &f aﬁfﬁbe&t'e %@ﬁ@@ﬂce B WéYﬁgm?VS'F‘ef‘hénﬁ!)d'Hﬁ'i RgVeRaMhend\aly i es
with tidal gRWgsRNheinBer ABp@HHinds trofOtheNaHHcE idat, dmla &leR) e PYerfddreAdithPr

retractl ng the el ongate nenber relative to the cqyébl nder while effective
punpi ng %ycFeé%SCQB'ﬁ@' o K& Brg of the eabPmessije axlindesde dsleRing PRINgnsPaMPRke
cylinder W ithinegeegflindér; Wrdigdiefl véitke b&tdie OburMBh§'chamber aridd QitBXivant

that the elongate nenber is retracted into the bore of the cyllnder t he
el ongat e nefMS¥EMERLIDH @‘;m%”grﬁ}’%? 1q grays luih Bt e SUmping ¢hamher shen s trokg of

bore. 25 ThedI8sfié mehRRbh@fb b@mﬁ 0l Rt of HRGAURHInPEHhMBYr @nef dRistrsRe bhan
prior art s¥stem Cost savin are at least partly attributable to the use

of fewer pafeselengRiameamies ke tr!;%tthérPéJmplﬂ'thCW%IVé”esc iéh fidalgaeement to

inventign dagsstelchbfgHg fl@‘él@jeﬁﬂ’ﬂw ttendie Qﬂ“rbtr@étlrié&hé‘@cﬂgﬂl’e%érﬂbéﬂ @Rflve to
associated valves to rarse and | ower the cylinder in the water_ to 30

acconmmdat ethe eYAnderailgeffepiye RURKINGAEY ClasHEN iuesHess ﬁ‘\m{ IngIe Wioshereding

retracts the gboder! &IiRBMAMN ﬁeeb&;w@meceédarmeebdy eeneet: 4@ tbhﬁ‘e extehi@ar to
conpensate for tidal ‘changes. At high tides, the el ongate mepber will be

extended si §Ki ?'Pe%{femem'ia%rrﬂﬁtrﬁeaew THadhe bara pEiheasyinder. fheeonorie BEBREAL e
menber Wil | ob@ipiBi dinjofiBf 6raed QdsybédtioRaltdiga 6tthe BERY. -

25
The present invention is simpler, cheaper and more effective than prior art systems.
Cost savings are at least partly attributable to the use of fewer parts compared to known
systems. For example, the present invention does not require a separate height-
adjustable platform and associated valves to raise and lower the cylinder in the water to

30 accommodate tidal variations. Instead, the present invention extends or retracts the
elongate member telescopically with respect to the cylinder to compensate for tidal
changes. At high tides, the elongate member will be extended significantly from the
cylinder, whilst at low tides the elongate member will be mainly retracted within the
cylinder.

35



WO 2011/ 030149PCT/ GB2010/ 051501 4 The el ongate nmenber is significantly

| arger than correspondi ng el ongate nenbers (or connecting rods) of known
systens. wo0Dmi3omst to prior art systens, the el ongateproemdBs2oioadfsisohe
present invention has a | arge dianmeter and occupies the magjority of the
cross-sectional area of the bore where re4racted within the cylinder. 5 The
| arge di aneter elongate nenber is able to resist bending or buckling from
the strong lateral forces it experiences in the water when extended from

t he cyl i ndefhe Bnoals lnie[TBPef ¥ sigaifiantly dargenien siorieaPrending @l@?gﬁﬁl%‘%@bfﬂﬁéor

el ongat e neghefectify E&IP &t kidwdh SV<Bthy - ext &Miast & pRSPaREH/sRAR, tthebid
| onger periods than prior art systens. Consequently, the device 10 o the

present i nvERMRSH of eapegentdnvedfions pas g| '@@@d’pﬁ”’ﬁ%"?f #nd eceuring the Hagigdty oMt eas

prior art sx%@%cma%r@gwth@tu&éﬁlﬁe@ rQ@é@Mwﬁﬁihm%amh@ercyllnder to prevent
t he connecting rod from being extended for |ong peri‘ods. Typically the

el ongat e® menber has a dianeter that is at |east 90% of the dianeter of the

15 bore. ThenhdiRgetRmetdr eﬂd?@ata%smaay.sfaslelta rédret b@a@.960599ck%ﬁ&ﬂome strong

Preferably the bore has a dianeter of | east nm_ The di aneter of the
el ongate e lAe! fﬁﬁ‘r‘)‘?sbteeﬁpﬁ”?ﬁfésr‘%ﬁ@é”@@bwﬁ%éx"ﬁmeq fromiithe cxlipd@rouhecattidy to

appr eci at edddiljetolRfaftfvih @fs %%I ah&%@lé@a&eﬁehfbef {o refalrOn RenigRExteRdeEr Y
deep waters or in bodies of wa havi ng very | arge waves or tidal ranges.

The devi ce RA§XRASES PEBIIIQRT Hr denagp p?@%dﬁﬁ” BUTart S.v GPOFRAICBHY. Frl‘ehij‘%i"ce

20Conseqyientf e drésen ik BRI |¥%Bieﬁotaaﬁ.‘l%t fet&céblééi‘ly% tilAENYAGAOWSereSBAREN S
coul d exceed these ran e el ongate nenb have a substantially

circular cr éﬁe@ééﬁf“%{ﬁﬁlﬁé%ﬁﬁﬁ hei @Uﬁ@t%%‘%ﬂ“ildﬂﬁpf%‘?‘fﬂ”&Fr@s@nﬁé‘étt”igdﬁﬁ[from ea

along its | ggglRxtichBed R WMGPeBop®DEer 25 functions as a piston. A piston
head may be provided at a I'ower end of the el ongate nenber, the | ower end

being renote fromthe surface float. The piston head may be a separate part

coupled to trt)@cﬁlycm@eroaga@rm&ﬁb&rhdsta aBaMeee tigld mélasl@y)o% & tRs 8l nleteyT trend
of the el ongate nenb I n ot her enbodi nents, an _open-ended el ongate nenber

may be &hpl By, Therdlgmeieee! ey M3y i indep IR RO00PEER TR PeriorR B SRt o

nmenber. 30TRgs gidnfdtenBYat (UINBED Mpd. TG §iBmdted &N BHedd| S g i® kR ﬁﬂg\b% ih AR
el ongat e nmenber._The device is gref erably caonf bgured such t hat

downst roke ENIER9I50RGAT e tdlhBETOUrse beaonrasiated dhat i devigs may bg U xRy
stroke. In gnbedbBRNIsedWNQES ddep WiteRUSH IR HOBIRBS Wiks HavigORRy IdreevRiaveN s

the main purrpl ng chanber is below the el ongate nenber when
tidal ranges. The device may also be scaled up to pump even larger volumes of fluid.
20  Consequently, it is conceivable that the size of the various components could exceed

these ranges.

The elongate member may have a substantially circular cross section and/or a
substantially uniform cross-sectional area along its length. The elongate member
25 functions as a piston. A piston head may be provided at a lower end of the elongate
member, the lower end being remote from the surface float. The piston head may be a
separate part coupled to the elongate member or it may be defined by a closed lower
end of the elongate member. In other embodiments, an open-ended elongate member
may be employed. An outlet may be provided at an upper end of the elongate member.

30  The outlet may communicate with a generator mounted above the elongate member.

The device is preferably configured such that the downstroke of the elongate member is
the main (or possibly only) working stroke. In embodiments where the elongate member
has a closed lower end, the main pumping chamber is below the elongate member when
35 the cylinder is upright. However, where the elongate member is open-ended, the

pumping chamber may extend upwardly within the elongate member. In both cases, a t



35the cylinder is upright. However, where the el ongate nmenber is
open-ended, the punping chanber may extend upwardly within the el ongate
menber. Iwokoitnsecages, a t WO 2011/ 030149PCT/ GB2010/ 0526@GH20108Es301a
majority of the punping chanber is advantageously bel ow an uppernost end of
the cylinder when the cylinder is uprightd Also, in both cases, the

el ongat e nenber does not occupy or extend through the punping chanber and
hence there is no need to restrict the size of the elongate nmenber in the
present i nv&est amagitrgl thgdumning 6“4"@*4’665!%éﬂYﬂf‘tQQ%’&ﬁ'yé’@]%?@rﬁﬁ@erﬂqﬁbe”d of

el ongat e mefHedylih@eritRithe eAmbbyislBRGAT AldtATh Bth Chscd theCSRE mRehbePdSes
Simlarly, the cylinder is S|gn|f|cantly taller than prior art cylinders.

Typi cal |y, DAleOSSHPY ricxtenkthvoighe fhenpiupRiIngrehB@Penand eBgR Iese i @ Pepd font y

netres | ongrestich LG éﬂﬂ@@bn@éte%@ﬁﬁ&ﬁn BRI Br8sen@ivEntm, manuf actured to suit
the specific 10 characteristics of a particular body of water. Preferably

the cylithder and the el ongate nmember are at least ten netres in length. The

device is sgblaliiselObssbpre ﬂlcﬂal Q@j@kﬁ%n@ﬁhé"@bﬁ@at’eﬂn%bé‘rﬁs%Igﬁﬁi@ar@t@'qé hdene
changes in depth. For exanple, ch anges of depth, of UF to twelvé netres

occur in soﬁﬁorbé'al@é‘”%‘f“”ﬁa"toéﬁ Fenilg Eom‘?‘o@é'f‘@ert i gopifiepntly rtabRgethan Arior tagkn

metre cyli n@ﬁfndé&d 'IaypfdafI)F Qﬁé‘cﬂlﬁﬁé:@arﬂi ﬁ@%r@a[@%ﬁbeﬂﬂ%ul@%a@ﬁ%@ ted ﬁvéﬁ@“' d
still 15 allow a further three netres of travel for wave-drive

reci procat i 81¢6F 139 2BNB19GdPROGKORISBPIQLPARTS SRUld; Remangiaciyipst @esuﬂthtﬁe EPeSititder

and el ongat @hé@&@ﬁétlc@%|adp£’rﬂcd’[§td§odyp&gﬁéte$t 'P'réfeﬁa%lyai%écﬁwmta‘?ldetﬁéréldr@"agser
waves at high tides if required. The el ongate nmenb be made of netal

or reinf orcE‘d’”&?ﬁ@F%?E'eaﬁ\\ tearmaires i \pnethe @‘F%&t%"t RUEF Ustaip bediemak

from pl asti Gatdrt ®hicAki8es E’él%ﬁa%xﬁrbh% &Bﬁ?@é iRREpthe F'W@t?@rﬁpllescﬁﬁ'h@@s @f depth of
hi gh-density poI yet hyl ene (H The el ongate nenber of conposite

const ruct i oHP ¢ {Veivs fekes a?curﬂrhéo@? ondiss of waWbeFo r@&&}ora@OHafaéh'ﬁ F'Sﬁ'\ range, a
fibre-reinf gfictnePeBARIELCaRS ﬁméeaql fetrdBlon§a Ml rfoer ity 18] @A RHNE BtiINBY

be forrred fromfibre-reinforced plastics materials, such as glass- or
nyl on-fi 19Dr eallw & Hrten thppemebes @BﬁWﬁ'l @rﬁtW%/Ve WW@”e’I%'ﬁﬁf&?B"'ﬁé’ﬁﬁ@? e,l,%@gagae

hol [ ow, or FRnbek e Bdskel ORRoarel Ak &ylidder GVl E¥ngdt® 'mERBERERId bBEnade
el ongat e nmenber nmay be tubul ar and have a substantially circular

Cross-secti mger@!”lt%%c%“d'&ﬁdaé%eé“’@i’g'@&f&ﬁ"@ve%ttrégh lidgstiaIeqdFedbt her such dense
material may be provided within the cavity to stabilise the el ongate nenber
in the water, 30 The ballast increases the weight of the el ongate nenber

and assi st s TPAEIANGHMBLEDBUMY RS p 1ok Mejel o da s PG d’étﬁm@éwe%él‘ﬁmeen
the cyl pmdeeiopgstet RRnePHaA} %errmtaerframtﬂhaldshﬁam@% MitefRPati e lon

cl earance region may have a wdth that is | ess than five 35percent o
di anet er of MeAeEisTRgER ef mafﬁfﬁ@ms'tymoéﬁgwé?@wmﬁ’é)wm% ﬁloggatﬁﬁgerep%rdp%}h%of

composite construction. In particular, the elongate member may be made from fibre-
reinforced composite materials. For example, the elongate member may be formed from
fibre-reinforced plastics materials, such as glass- or nylon-fibre reinforced HDPE.
25
Conveniently, the elongate member may be hollow, or may otherwise define an internal
cavity. For example, the elongate member may be tubular and have a substantially
circular cross-section. Ballast such as aggregate, water, metal or other such dense
material may be provided within the cavity to stabilise the elongate member in the water.
30 The ballast increases the weight of the elongate member and assists the downward

pumping stroke.

A clearance region defined between the cylinder and the elongate member within the
bore may be annular. The clearance region may have a width that is less than five
35 percent of the diameter of the elongate member. Preferably the width of the clearance

region is less than two percent of the diameter of the elongate member, and more



region is less than two percent of the dianeter of the el ongate nenber, and
nore WO 2011/ 030149PCT/ GB2010/ 051501 6 preferably less than 1.5 percent.
Typi cal | ywbhe1vdsdtsh of the clearance region is in the raogesRbidisv®ito ten
mllimetres. Preferably, the width of the clearance region is approximtely
seven mllinmetres. 5The el ongate nenber i® preferably a sliding fit within
the bore. Bearings nmay be provided within the cl earance region to
facilitate the sliding fit. A first_bearing may be nounted to an outer
surface of pwéer@blbsr{@%&@aﬁe%@rercemhewplp@ty e G drarsRogreends in theower

end portion Higet B fitd 99UBH EmINpRARS:  PreBeend REAIHI ofie REIBHHAL REidrO N
inner wall of the cylinder. The second bearing may be | ocated within an

upper end 169@95'%‘?%?‘%%6‘“‘5%51"#86 This configuration of bearings hel ps
to maintain the el ongate nmenber in concentric relation within the cylinder.
The devi ce may be configured such that in use, plant |ife or algae

accumul a? es The qlengats @ambrsds rgiestPly @ sliging dhihinolheneere: oBepingseMands e

menber wi t hppyided wiid BEElearBnce PoghSH RPRGIIIERY tri%esmr@w.tdeﬂ fifst b@an@h{a@r&e to
the clearance region to renmove an excess thickness plant life or algae
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cylinder. The device nmay configured such that in use, ilmof water in
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cylindefg 2@orliBe ot uhd agihdet. oarth.srr&shf.gn@lnw%f%ebh@]ga P hMlaidNele @IdRfateast
portion. The buoyant portion may be air h aI | ast portion may

include a t % %mmcwyce%@ﬁ%th%@%gm for water as a ballast. If water
is used, the anpunt of water in the tank may be controlled dynamcally to

vary the ballast if required, For exanple, in storny conditions 25
sufficient VAg @PV'ﬁﬁy“Web%ICP'@fWé'aeq ] tthﬁb'”tlésrﬁ( Piggt dfen@r 2lgee sarunaates in e

bel ow t he sukhame dégibhe ﬁl%ﬁcaté!\yh%\/eﬁ@ﬂﬁbf iMaNSorfyafe ARITBRY within' thERYliRRrPWIped
into the tank from for exanple, an accunul ator tank, to expel sonme or all

of the W&t eFCPPMMERLEtRIAKIE ap an satranie YuiheAerancsaeaRde ragaye an excess

Al t er nat el y thi¢kne S oF Rt lit8r alabadiRing! Paleri@rt d1ahs Wiknged @wnidee withid ate 10
nor mal use vvhllst renmai ni ng cl ose enough to the surface to reci procate in

30accor dancEVIiieh FE9 SORBYCHENPIEVPRES IFAMIGRS IueFOAC FRYIngden thivRart of s
al ter nat i vebylingefpriesgeiceVRh@bé comiRred sueAnkath Bsdra AMGtwaterdn tfed@éarbh-

The cylinder may be anchored to the bed of the body of water by a tether
such as a r&jsgon lubricates movement of the elongate member within the cylinder.
20
The surface float may include a buoyant portion and a ballast portion. The buoyant
portion may be air filled. The ballast portion may include a tank, which may contain
aggregate or water as a ballast. If water is used, the amount of water in the tank may be
controlled dynamically to vary the ballast if required. For example, in stormy conditions
25  sufficient water may be allowed into the tank to sink the surface float below the surface of
the sea. When conditions are calmer, air may be pumped into the tank from, for
example, an accumulator tank, to expel some or all of the water from the tank to raise the
surface float once again. Alternately, if desired, the surface float may be sunk below the
surface in normal use whilst remaining close enough to the surface to reciprocate in
30 accordance with wave movement. The ballast portion may additionally or alternatively

comprise a weight made of concrete or metal e.g. cast iron.

The cylinder may be anchored to the bed of the body of water by a tether such as a rope,
chain, cable etc. Using a tether is convenient and inexpensive when compared to a rigid
35 coupling. However, rigid couplings such as ball joints that enable the cylinder to pivot

about an upright position are also contemplated by the invention. The tether allows the



chain, cable etc. Using a tether is conveni ent and inexpensive when
conpared to a rigid 35coupling. However, rigid couplings such as ball
joints thwo2enaisbeot he cylinder to pivot about an uprigktTmBotoemseare al so
contenplated by the invention. The tether allows the WO

2011/ 030149PCT/ GB2010/ 051501 7 hei ght of The cylinder in the body of water
to be determ ned and/or adjusted easily if required. The cylinder my

i ncl ude a flalnge to which the tether can attach. The cylinder nay have a
si ngl e t et hBPBRGOLEENEYIINEETVIR| B BoAK dbatesr e t@%ﬁﬁt@fr@meﬁ@nafqra?@wsm @Wwam y

a singl e tetdplred. s THS @dinder ﬁgymcﬁjd‘e@flé?‘bg'e'tﬁ%i’chttﬁe tiBerR@d dphch hendegindef

water. Using a 5 single tether allows the device to nove freelé about an
anchor age pB1anthaye aa%na!.%teﬂﬁeamerr@'rﬁrtwalohmg Q¢ imereethers canaipeh t Braiebly a

prevents sgab@hveﬂ@r is Y)E\écﬂb 6&]})@%@0%%9&‘ @nﬂhbrbe'auwthelabuwat@rd o¥iRG &s.
The under wat er | oat i s substantial and ficient UO anCé to resi st

the downhar é'”gifdeTh@F E@N%V‘etdr%'célt%ﬁ@fé{?ér%@nwt an@nchrage PPt adivdto fifr i ng

a downwar d Ewmmn@ cireRke A ERplel RIS HEVeYS tBTohinghewhbe @bnaieh posRin has
suf ficient uoyan to ensure that the tether remains taut during a
downwar d puffsiltiRty-isthesrksysies confi guration contrasts with nost prior art
systenms which nust be rigidly coupled to the bed of the body of water or
rigidly couHJ_I ed to a fixed platformif the downstroke is used as a working
stroke. o9 eeguERn fpat it subsipriichgnd &b iseBicisnt preyapee d msist iR fewararhy

be freetst apgididorans eRRbite WS dnAGhe biv&RMdaB8lridg0a BB iR PR stroke.
systens, the punp devi ce does not require additional stabilising neans

to support FPF qrg&tsyﬁtﬁmﬁh@evmd&rwa?h@oﬂﬁwér%éfﬂ%?ntfquaa%ncgu‘iot%ugﬁ f $heon

an upper eneidr rbRGineXadtRIGBRg a Idewmvaioemn@&ng at@ok%rrhfh@ EORMGSraBbn Edrasts with
i nvention, the underwater float is in formof a jacket secured around

the upper eRWSbPrIaTt ByHamyhIch st ,bsdleé{'y GeypI9sbiosne bee afdhe bpgy eijvater or

configurati ﬂ?ldIyV\B&fpﬂ—‘ed & £hiadplRrofR NP eke idowhbRaRd 088 ast HevdiRihg Qfokbhe
bore that defines theveg npi ng chanber extends within the cylinder to a
\ &l

| evel b&P owCPREEANTABY nmlrtgagevug A tharproseniiyeation aay| %aﬁﬁ@twwe?”q S
open- ended, s¢RgudPRktHg. t Yo BbntiRE tdd HiERl NEHior 20t SREIFRE Nth¥Pintbirtd télicdodehew h

the underwater float. This contrasts with many prior art systens, in whi

t he equi val é‘?ﬂ“'rﬁé‘ﬂg't'%ﬂiS]‘:ﬁ?ﬂ'ﬁi”ﬁ@‘%ﬁﬁ‘éﬁ%éﬁ’p%t‘I‘thgﬁf Bdhewsies an under wat er

float. Advantageously, the present invention provides a |ower centre of

gravity, and hence is nore stable than free-standi ng prior art devices.
t

30The punpi hBe deiepiatehdpaidedtably acts| @t annueRsmendl Ohthe cYiRdeR t We PEierithg

chamberpo A BhiBBdifenROSLtHEBIMyERIBAE the lﬁrﬂjem&epﬂéét% in @ﬂe fdnaneres dcher SasTRed
fluid to a rempte | ocation. Advantageously, the outlet may be provi ded at a

| ower end r @EUHA thst UPREE 969qu Fﬂfe‘?y“”@’?rov-”@llﬁ@‘e@ A&y et dietledy "&th'%ﬁP’Ff@\l}@t'O”

ensures t hatyhbhe B%n?étehﬂéﬁlbép@ss cldetd-BHdd, tth@ ;ﬁ#ﬂ bheRy paiaihat rdéﬂhéé $he
ot herwi se upright position in the water. In addition, providing

350ut | et at PAMPH $hamher rxigngs twWiin e cylisglee do |asleggl| belpy {66 q@ervgqtprt fleat.
ot her debri sishikaly, ShBksS thed elongate member is open-ended, the majority of the pumping

25 chamber would still be below the underwater float. This contrasts with many prior art
systems, in which the equivalent bore and pumping chamber are located above an
underwater float. Advantageously, the present invention provides a lower centre of

gravity, and hence is more stable than free-standing prior art devices.

30 The pumping device includes an outlet in communication with the pumping chamber. A
pipe or hose may connect to the outlet for channelling pumped fluid to a remote location.
Advantageously, the outlet may be provided at a lower end region of the cylinder.
Providing the outlet at a low level ensures that the pipe or hose does not pull the
cylinder away from its otherwise upright position in the water. In addition, providing the

35 outlet at a low level means that the device is self-flushing: silt or other debris that sinks to



WO 2011/ 030149PCT/ GB2010/ 051501 8 the bottom of the cylinder can be flushed
out though the outlet on a downward punping stroke. The punpi ng devi ce nmay
al so i nclwgdeoam3onbet i n conmuni cation with the punpi ngpCh/GHramBsI501
Simlarly, the inlet may be provided at the | ower end region of the
cylinder. At this location, the surroundi®g water is at a relatively high
pressure due to depth. Accordingly, fluid entering the punping chanber
through the inlet assists and accel erates the upward novenent of the

el ongat e neffsepotiom ﬁfnthm%'md@kéa” P?(E'Wréﬁwttﬂl‘@ghrfh%fwﬁqt 0R &APWNITd UMPiNGw
| evel ensurggothat this effect is realised for all tidal 10 conditions,
including at |ow tides when the elongate nenber is retracted within the
cylinder to its maxi mumextent. An additional benefit to providing the

inlet at a lrpw dtﬁ’r’pﬁ’rﬁ%'dévk@%aﬁ his® Fﬁblﬂb@a’?‘rﬁﬁwléthﬁ &Bﬁﬁ)rﬂﬁME@ndHf wFtII‘ﬂQhé rﬁuﬁ{p.ﬁgo
di rect sunlight ence mnimses weed grow h and the accunul ati on of

plant li%e C%ﬁ"@% Sr#@l'ﬁ“h’s&?'”'ﬁh?‘ﬁ&@?é’éo‘é‘ﬂqg Friha fnaves ead Arpiehef thacyinden.sAtThe

punpi ng devige I(bc%h@lﬁ efrRr abkdurffiyf wgterrei@l 402 PléTHRvarRL I‘ﬁ?h foregBurd QuaUior @Rl ng
body of water. this case, the inlet may comunica th the surrounding

water. The Mﬁ%éwgwatf&‘d n%merw d%%dptmp'w\ecwafhrwfbwh%ym%e@%%ﬁw.%rioty

or for desabiaadrbRs tfwé’hpﬂémb@emé&ttcﬁﬁﬂébb\ﬁ@bﬁé méﬂ%erpmh%sﬁ'@&é Cﬁrcﬁxﬂﬁﬂgﬂ be
configured to punp other pes of fluid, for 20exanpl e oi

connecting Hife Mgl &k at%lf%ﬁ\erﬁbp\%’p}qvﬁt Enpyras dh?teghé? \?’8‘??" 'SPFE@*@‘EB‘PF af H@al

device i¢ ScHHiIRMACidNGin W&.de@mh%a%lb@t@%rﬁ@& @rr@tra&té@ vvnhﬁrhltmethe
scope of the i nvention. 25According to a second as he present

i nvention, €HBHAEr togtwwmaeueﬁewetwd&fonammqﬂbtorrrrevlemgéhwleé aha v Rer ed

punpi ng devascmat Eﬁkﬁnﬁ’rﬂﬂfﬁe@ghéi%ybé‘s%r&@frﬂ{é Pl Go AirS&thTRNi G chrelyhd e Ghinlhiged
towards an upright position by buo an el ongate nenber in tel escopic

rel ati on wi WEPH AEhEndi tﬁﬁé\““'ﬁh‘é“%ﬂ PT B'éf‘t 'ﬁ?r@ﬁ@%d’”%‘b’é% hareaqisa ¢ta e anthd
connect ed tgrdulg u®d mrgat e nenber, the float and the el ongate nmenber being
arranged to 30 reciprocate rel ati ve to the cylinder with wave novenent and
tidal mb¥ement in the body of water, wherein the nmethod conprises: punping

fluid duri ngfh@p%ﬁ@l‘gdf ¢elis @(@f@%tﬂﬁc@ﬁf@h%d ORI PRYataRlYEM IRV QIFRIlhding bbBg obody
of water causes t | oat _and el ongate nmenber to reciprocate relative to

the cyli ndelalf in fissepseniby BT COIERICBR Wit G SHT NN tER g LRy RetH

anplitude ofyawa\wesy bd us&LinBEyeRbratieh &f hydbsleafltitiséd 138 dbshlihhtal forg@@fﬁblét I on
in the body of water during a tidal period by extending or retractllMgef
Pive

el ongate VAteDaLYah3dha BmPINGaiRYRS e ba confimerbio PunR Sty teeas of T
to the gyl i agghplhiloe a@wtc@hﬁédﬁag&rmemrwmrdéw@&.dwfmu ResePYH. € to punp

flui d throughout the 27 dal peri od
Preferably the device is single-acting. However, double-acting devices are also within

the scope of the invention.

25 According to a second aspect of the present invention, there is provided a method of
pumping fluid using a wave-powered pumping device, the pumping device comprising a
submerged cylinder urged towards an upright position by buoyancy, an elongate member
in telescopic relation within the cylinder, and a float arranged above the cylinder and
connected to the elongate member, the float and the elongate member being arranged to

30 reciprocate relative to the cylinder with wave movement and tidal movement in the body
of water, wherein the method comprises: pumping fluid during a wave-driven pumping
cycle, whereby wave movement in the body of water causes the float and elongate
member to reciprocate relative to the cylinder at a frequency and to an extent driven by
the frequency and amplitude of waves in the body of water; and adjusting to tidal

35  variation in the body of water during a tidal period by extending or retracting the elongate



The tinme between successive wave peaks in the sea nmay range between seven
to 5 twelve seconds; nore commonly it is between eight to nine seconds,
and typi cabl2g11a30i4s about 8.5 seconds. A wave-driven pumpirap2oyelsesom | |
have a tinme span approximately equal to the tinme interval between
successi ve wave peaks. The tidal period, 9efined herein as the tine between
successive high tides, is dependent 10 upon the body of water, but is
usual |y approximately twel ve and a half hours. \Wen placed in a body of
wat er havi ng'eTHies telesgapicalby relsgve E%@G&V@d&w’hé&ﬂ@ﬁgﬁ“ﬁ'ﬁg dte vae-diveRpamPing
nmenber fromyidieieyinhARE thblidhopeth@tidal peemum approxi mately every twel ve
and a half hours at the tine of high tide. 15The nethod may i ncl ude
operating the device in bodies of water having a tidal range of up to

twel ve netrege tRYe tbbﬁ\?genr:ﬁl%@@ssn}et W'a§e %@Rﬁ irf Iﬂ'% SHANYS FdhgaViShweeh dertmtPf
t he wat er between | ow and hi gh w || be appreci at ed that the tidal

range i ma B’!ﬁi‘{ﬁ 8PCORds e'F‘O'i?a‘FQ%OWt'tHStt}?BNEFQH‘n%lghtct9d1'@ sgfanAs.nend roieriy dda
ranges 0CCURhhRSB. @luéwﬁjssm wageidh@&wspurﬁaqg rwabwmhgwaltm{@%amgmatdw
during neap tides i nder and el ongate menmber 20 are preferably
sufficientl 9qw%ﬁ@tned'%@§wﬁ£@aw\@ea SPG‘FQSSWPMVGP%‘Q% i ncluding a spring
tide, whilst allow ng wave-driven reciprocation to continue even at high

ti de. Conse uently the nethod may include extendi ng the el ongate nmenber by
up to twelv %9@'6%3”(’@1rﬂff'ﬁ6@§?'lﬂryaf’r tﬁ‘lettmerbﬂWPP%@“@ﬁ??'H@h@f‘d'@% is AppRndgat

cylindefgtoypsh Uit bbdy 8 \V\Ha@zh t§dtq§,usM\$Hy| ﬁpr@llhﬁwlwgveﬁ\}%earﬂi angit Lo Myeert 0

extend further fromthe cylinder to aCcommpdate wave- 25 driven
reci procati Blacad ima Qﬁdﬁf Pfd‘éatef havipg s idat pederhithe aYfyags exengior pf @ﬁga'clﬂgé'@ze

the peak tondenédroheinghdylifderWal 88 dt maﬂw@ﬁaab&owﬁt&@bbé/rytwé%%ndtahwe to
four metres. In force nine conditions, i.e. a strong gale, the wave height

may be as rhewrs 26 thedi{masmot kigh tige- metres, whilst in force eleven or twelve

wi nds, i.e. viol ent storms or hurricanes, the wave hei ght may reach sixteen
metres. Accor din t he met hod nmay i ncl ude operating the punping 30device
in a bo#y of NG ?O%WVH@'Wrﬂmgtth?geWﬁ%m bertes ofpMalenBaiReya Hdy! '@BapPf se

subst anti al iy 1oRidNeamBiIré B &ddNeargfet it &f mbaa tﬁé&hd?@@ﬁn bﬂerb@@d@&ﬂ)bf e Waber
during a tidal period. Mintaining the height of i nvol ve

mai nt ai ni ngPat Wegh v AP Q|9h)}'d@6n§t"‘§|ﬂ1pe §85@P@fqdotﬁab@?\)\!€é¥faf‘%'”b%eo%f oftwaiehody
of water andgikthith PRIEhRlcytiBewRY haRffim tiddVehrdesldeavihg ABkg gﬁﬁ%]tﬂj'egwl

10 The inventive concept enconpasses, a Si ngl e-act i ng wave- power ed pu
devi ce conpfMiEMYE ﬁd%lﬁmﬁ,ﬂ%@%u@mem“ﬁaé}eap \dger B £ ”Ejﬁ"ea'b‘éé'oﬁﬂa@ rﬂ%' e'bf

wat er apgl SH@&%’F&&%I%BUMQQMN Bng hﬁad@hﬁﬁodﬂe 8MuliEE Famkeinclubipgta sdr#\@ tide,

cylinder definin ore Wi thin which an el ongate piston nenber is
t el escopi caihijsty QWI“\Qe‘MaVOCWé/eﬁlr§?'6rr?cﬁ¥9?o@rc%‘@f‘%e&?fhﬁbﬁ@@d'd% %ﬁ”sﬁﬂu?ﬂﬁ'%er

end to a suf{eagettolanhy HclABASERIMY et diendald nMdfier 9 @Std ﬂvd»%cm@frewérﬁj in

the water in accordance wi th wave novenent to drive the piston
wi thin the BetblY tiyréhesi duripg spERgdidepeiray be @dﬁ%ﬁra"ﬁt?d&‘l’ﬂtﬁoﬁlhf%r?ﬁe Wh"St

cross-secti govah@ e élénda@élﬁfen{bléﬂio SAéid Rfthéd fforh @ROEINddrab akSorh P68 td Shve-
within the bore 1n use nd wherein said cross-section occupies a majority

of the €? osgr"éeéb'ieP@FP&?h% é“ah ot idelndrce. six PNt rive AtSIORI BEsseephe RFlp o

enconpasses trgudreh gt d?ﬁNd%éfm e skh gpié§||y193t@e¥\@ﬂ@e@@v‘f@[lﬁﬂe@WFnW@rc@@W&e
the nmethod co r|S|ng sub inder in a body of water, the
rﬂﬂ%‘brtﬁ‘ﬁ@’aﬁ’ﬁé‘

cyl i nder defPHitRgsal- ¢t #rong Pt MY de qsomtl?féa%éﬁved‘ftottﬁ'é ”!%r(?? of

wat er; mai nt,«muﬁl.m)r&@@ewﬁ bRERSlvd Winds S SAGHH: istdring df PUH@Rhe D thE Wadé heiht
usi ng an underwater float;
may reach sixteen metres. Accordingly, the method may include operating the pumping

30 device in a body of water having waves of this magnitude.

The method may comprise substantially maintaining the height of the cylinder in the body
of water during a tidal period. Maintaining the height of the cylinder may involve
maintaining a substantially constant separation between the bed of the body of water and

35 the base of the cylinder.



15 arranging a surface float at, or close enough to, the surface of the
body of water so that the surface float noves up and down in the body of
wat er i n woeordsone wi th wave novenent and tidal novenmerCl/GBebndisng an

el ongate nmenber telescopically into the bore of the cylinder to define a
punpi ng chanber within the cylinder, the 16l ongate nenber bei ng connected at
an upper end to the surface float; utilising an upstroke of the 20

el ongate nmenber to draw fluid into the punpi ng chanber with increasing wave
hei ght; uti thuln\ger%ﬂvwmgwtowompaﬁ% 8| YRg/atEting: WYE-POWeRFpUMPITgdIRNiEe of

the punpi ng:sMABHIY a WubMeFiRfE BAMIBOtIRYE] ReihgMed cﬂ‘%%&%tcﬁ%'té?gan@rsupported
retracting the elongate nenber relative to the cylinder wth tidal novenent

to vary theUP@gmﬂmtf@rW@tﬁébbaﬁﬁnﬁgN@%%rﬁ@éF th@mcﬂmderrdqf@'rwd? hete W'Ffé” WbiEhcd t o

changing tidgh giéiowménﬂoeef.é @éécuﬁcayrmbagedsxﬁé E%tcﬁmoﬂ%in%ﬁbaﬁ@ Q%ﬁn&:'tsé‘\‘j
tidal range 011/ 030149PCT/ GB2010/ 051501 11 Brief description of the

dr awi ngs Reﬁb?réH%@rﬁag tapsEHase Ik Araagrd aRpvritiRipdinger sthacie reFBRSalE IR Hisun

punpi ng deviasr nbé{cdb?dén% W GlEE OV et ToRiVB RS SiBfon| raHBEErivihin tﬁelbﬁré?ﬁﬁiaer
that the invention nay be nore readily understood, reference will now be

made, by wapistin BRERET keing gf syhstandpvoUpiogm i esraestion alopg ek lpast that parkpits e

2a is a secidngitthabis $8cene@Wiin theShdt8 lrfuSE lthBWVHRIIR Bl HRNSLSRLIGHE 6&UPIeRG t O
10a first enbodi ment of the present invention, in which the device is in a

| ow tide comﬂlqri%ﬂfthﬁp@.ﬁﬁ'ée@@”r'ﬂ‘barﬁa@if%&%%ct| on taken along the line A-A
in Figue 2a; 15Figure 2c corresponds to Figure 2a but shows the punping
device in a_high tide condition; Figure 3 is a sectional side view of a
si ngl e- acti hBe ﬂ'ﬂl‘f?@f"\‘@ C&@%%@'%@B‘M‘i‘msﬁ% aameodnef eyYBRIAY kit usingthaave-

present i nvepikRy; pu%goﬂFg aevige 4thesn@th§@%bﬂn9ﬂ§h Sél}%%nglﬁgVaoéyllﬁdéi" iR Bodcbf NY
punpi ng deV| ce acc ing to ath nmbadi nen % present invention;
and water, the cyllnder defining a bore anchorlng the cyllnder to the bed of the body of water;
maintaining the cylinder in a substantially upright orientation using an underwater float;
15  arranging a surface float at, or close enough to, the surface of the body of water so that
the surface float moves up and down in the body of water in accordance with wave
movement and tidal movement; extending an elongate member telescopically into the
bore of the cylinder to define a pumping chamber within the cylinder, the elongate
member being connected at an upper end to the surface float; utilising an upstroke of the
20  elongate member to draw fluid into the pumping chamber with increasing wave height;
utilising a downstroke of the elongate member to pump fluid out of the pumping chamber
with decreasing wave height; and extending or retracting the elongate member relative to
the cylinder with tidal movement to vary the length of the pumping chamber in order to
adjust the device to changing tidal depth while effective pumping cycles continue across

25 atidal range.



Figure 5 is a sectional side view of a double-acting punping device
according to 25a fourth enbodi nent of the present invention. Detailed
descri ptiwo 20Raf3erspi Ng to Figure 2a, a punping devi ce 1@0TiGB20mMBIWANCE
with a first enbodiment of 30 the invention is shown |ocated at sea. By way
of an overview, the punping device 100 irdludes a tubular cylinder 102,

whi ch is subnerged bel ow the surface 104 of the sea. The cylinder 102 is
tethered to_a concrete block 106 on the sea bed 108 via a chain 110, and
supported sBpgtdaserrijonofiho drawindsn t he water 112 by an underwater fl oat

114. The cylinder 102 has a cylindrical bore 116 defined by a circular
internal wall 117 of the 35cylinder 102. An el ongate nenber 118 is

t el escopi caRefereraedhased|raady ean madenerfdoured., which Hosgakeow RYBPING HBVicEs a

| over end 130wg %ﬂ@&ék%ﬁ)utn@ t@tr@z&b%thﬁéﬁtu&ZZ and an WO

2011/ 030149PCT/ 3B2010/051501 12 upper end 124 connected to a surface fl oat
126 arrahged at the surface 104 of the sea. The piston head 122 and

el ongat e nMefpsHedtdt fh%qmnﬂsﬁh%yvuetrhbﬂé rbslalytmdersl&fa AsterlchBe WM Be Ha@@t
126 noves ug and down in the water driven by wave novenent. As shown,

t he el ongat yH@Mﬁ@PXQH@eﬂgt@%“ﬂ%ﬁmBGBW@ﬁﬂﬁﬁquh downstroke at low tide. 5
The various conponents of the punping device will now be described in nore
detail, still with reference to Figure 2a. |t should be appreciated that
this draw ng is AiSUre 82 SSC%F%Ct'O‘Fﬁ'eS"g%Y'P‘é{é% afqingaR-a4thy MURPIRY HPUPRREGOrYRI to
approxi q@t el y tep fBtdrRiSodNENCRTRE pfenBiRvéntion, Howhitch tRd dBUEY &Nk PRI e
128 and a bal |l ast port| on 130 in the formof a tank containing sea water.
The vol ume of waf@diiaR:t he t ank may be controlled dynamically to adjust the
ballast if required. For exanple, in storny conditions sufficient water may
be allowed into the tank to sink the surface float 126 bel ow the surface
104 of the sea. WO €IS ¢PeTsecipR takenAang the fng Ay B IPiRBad i nto the tank
from for exanple, an 15accunul ator tank, to expel sonme or all of the water
fromthe tank to ralse the surface float 126 once again. The cyllnder 102

i s appr &Xi mat el yFiaufe éeROTHRSPPBLS [LgUemP Butsbrys the BH'?‘B'”SI"@g@@ in 8kgh Eded
132 towards an opgmyitgpper end 134. The | ower end 132 has the shape of an 20
inverted Y, with arns 136, 137 of the inverted Y extending downwards and
outwards towards the sea bed 108. The open upper end 134 defines an
entrance 138 to FRerd9iea ddQiondiNGdeeNbl & inkRBadtgeRuntdigy delideasRoAiMy ©fa t he

sea when the cylinder 102 is upright as shown.
second embodiment of the present invention;

20
Figure 4 is a sectional side view of a single-acting pumping device according to a
third embodiment of the present invention; and
Figure 5 is a sectional side view of a double-acting pumping device according to
25 a fourth embodiment of the present invention.

Detailed description

Referring to Figure 2a, a pumping device 100 in accordance with a first embodiment of
30 the invention is shown located at sea. By way of an overview, the pumping device 100
includes a tubular cylinder 102, which is submerged below the surface 104 of the sea.
The cylinder 102 is tethered to a concrete block 106 on the sea bed 108 via a chain 110,
and supported substantially upright in the water 112 by an underwater float 114. The
cylinder 102 has a cylindrical bore 116 defined by a circular internal wall 117 of the
35 cylinder 102. An elongate member 118 is telescopically received within the bore 116.

The elongate member 118 has a lower end 120 connected to a piston head 122, and an



25The cylinder 102 includes an inlet 140 and an outlet 142, which are
defined by the respective arns 136, 137 of the inverted-Y-shaped | ower end
132. The wol2et1/0d9oand outl et 142 include respective i nlpetr/GBrdiomsiioet
val ves 144, 146, which comuni cate with a punping chanber 148 defi ned
within the bore 116. An outlet pipe 150 d2 transfer hose for communicating
punped fluid to a renote |ocation is attached to the outlet branch 137 30

of the cylinder 102. A connecting fIanﬁ,;e 152 is provided between the arns
136, 137 of UPRRS epdsiidpaneeaeto avdragniioshd 26 sanoechat s sugace hed ehir$ea10

is attachedThg pidiéh REMNELE bRG efongB@emdmBer MY te%tpr@calt@WﬁﬁanHéi bbRO1  ad e
chain 110 is attached to the concrete bl ock 106 on the sea bed 108 to

anchor the &YyT3cediaat 186 mayes hp andadqyeyinitbg watgsd 12 driven by wave movement. As
2011/ 0301496k RDdiBh éﬁ%de?ﬁ@l‘staltﬁaba&gﬁ B8ORS @owhdBokdVBi I6¥ tREL S as a
bal last to stabilise the el ongate menber 118 in the water 112. A first
gui de bedring 162 is nounted externally to the | ower end 120 of the

el ongat e STHWB%USJC%&powehtls%ttre amﬁ@daméiwbwwges%ﬁﬂed f B4l still

internally within the bore 116 at the open upper end 134 of the cyli nder
102. The fi Wb refenseiohigugiaddt Heatd ?ﬁg%pplﬁ‘zateﬂ@@t#ﬂt Afex{ing ismet B wAlat e
menber 118 and the cylinder 102 in concentrlc relation, and assist the

smoot h travel of the el onaate menber 118 and associ at ed pi ston head 122 as
t hey recipr ébasefage finah 12 @a%érd@”ﬁ‘@r OflfiPpIQ@W@?treiynt@”Wt'ﬁﬁ@ﬁ‘ﬂéoﬂwr's?%?%ag‘nows

a cr OS81@eCh!l&rlbddeﬁtJ&iméMz%hd BdfaskQorinth 3008 thé eRdier BRRRSAtaik?y saken

along the line A ure A narrow cl earance region 166 is defined
bet ween an ¥Ri&r nHle ¥‘E|P'F‘§d%f wWer Y then@nknedigae ortEpHsdr dyresicaty te rdiushihs nal

val | 117 of phirt yrbhmesy IiQr2exa-ﬁﬂﬂfe rlﬁ@t&htycé&@ﬁ@%%uﬁ&b\ﬁﬁ@ﬂteﬁf heayClyd alpdd 102

and 15 the_ el ongate nenber . indicatéd by arrows 168, i S approxinmately

seven il |i iR thes lankhiocnk ghe] E‘é"faopaft(@é TRANRRIY e seERmANHYhOR thenged.i Vihen

gui de bear i gendifshsS BRIV alnierFiaiURRy28e Juifpdll Bt Bk ekt Rembabe ekdBple, an
i ndi cated by the doubl e- headed arrow 170, is 550 mm The outer di aneter of

the el ohQat @CWFB@PF tenls, toiexppl same 13y of e WEBLTD fiedgettoaaissiha yerfacedloghs

nm Consequeps bice din.el ongate menber 118 has a cross-sectional 20 area
that occupies the majority of the cross-sectional area of the bore 116. It
is inmportant to note that this configuration is in contrast to prior art

systens, f Oﬂ'h@)ﬁ#m@i'eﬁ‘ 10D s Q%ﬁ’rbﬁﬁta&!’l’;ﬁwit‘eénnmgirgélTcﬂg]andV@%t&ﬂstFdnlt laS@&se@Nower
el ongat e nenber of considerably smaller dianeter than the dianmeter of the

cor r espondi R Hé?etow%iﬁs%‘heé?ﬂ |u9pertmq T84-ondiet lowsERBEr133 ascihsi ¥epg of an

m nori tyg of ifvBRe® YOSEthSARTs PIkal137r Fanefinddial Yoek@ndid daﬂanaFdsngncﬁG@twardso
Figure 2a, the underwater float 114 is in the formof a collar_that

connect s ar BRIds the sgaher 8d TIsLPsP UPRer @'iﬂ ??rf’d@?f'”féé‘” %H@”%d@ Wdt‘%lbofq oat

114 is of sybst apd batrarREOBBASEs the!Elif£deeiNd df theSsHPRRdNn thBRymdet AOLTs ight
upright in the water 112 so that the chain 110 remains taut, even on a

vi gorous dofR§i?Wke of the el ongate nember 30118 and associ at ed pi ston head
122 within the bore 116. The piston head 122 is disc-shaped and lies in a
pl ane ortho onaI to a longitudinal axis 174 of the bore 116. An_annul ar
seal i ng2? i nghe riytindsh oY) inlyfe @AdBIet A0 Anskt @h oHigetdT 422 ovhich are defined by the

respective arms 136, 137 of the inverted-Y-shaped lower end 132. The inlet 140 and
outlet 142 include respective inlet and outlet valves 144, 146, which communicate with a
pumping chamber 148 defined within the bore 116. An outlet pipe 150 or transfer hose
for communicating pumped fluid to a remote location is attached to the outlet branch 137
30  of the cylinder 102. A connecting flange 152 is provided between the arms 136, 137 of
the Y-shaped lower end 132. An upper end 154 of the chain 110 is attached to the
connecting flange 152, whilst a lower end 156 of the chain 110 is attached to the

concrete block 106 on the sea bed 108 to anchor the cylinder 102 to the sea bed 108.

35  The tubular elongate member 118 is approximately fifteen metres long and made from

high-density polyethylene (HDPE). An internal cavity 158 of the elongate member 118



and abuts the internal wall of the cylinder 117 to forma seal between the
punpi ng 35chanber 148 and the cl earance region 166. WD

2011/ 0301%0RGM/GBRAO10/ 051501 14 The punpi ng chanber 148pCchiuB2010/051500
varying volunme, is below the piston head 122 when the cylinder 102 is
upright as shown in Figure 2a. The vol und3of the punping chanber 148 varies
in accordance with the swept volune of the cylinder 102 as the elongate
menber 118 and associ ated piston head 122 reciprocate within the bore 116.
5 The swept C%P'ﬁﬁé‘gg@ga@pﬁ)@iéﬁtcmﬁ&%aﬁ pdallastippighiise hst§lenpalt meAwes (1§ dce
float 126, wawhet $14.n turn dependent upon the height of the waves in the
water 112 at any given tine. The operation of the punping device 100
wi |l now be described with reference again to 10Fi gures 2a and 2c.

Referring fiarfbt LﬁldEitﬁHFnﬁ‘%aéz i Thoddied @ﬁer\a@w;ﬁtdﬂmeglmver BRY e29est Bt didiRate
surface 104 of the sea buoyanc the surface float 126 causes It to

move upwlr dS'emien 148y vvbilsﬁ@ s@apad gpwresb%warwnﬁv’@mw internallyt wihia|tem Gate

nmenber 118 @ﬁ‘@ap!h%tdb@nhh%?élr 1 34 &hé cliffger 162. bﬂ{eeflr%tl&\d LAbh@GuidBivearings
upstroke, the rising %‘ﬂs on head 122 creates a atlvmzpressure in the

punpi ng chaiber16f4Bainign the QeI TEMbeT Al &6n9 A1 SRRt In L8N iR RAY
fromits seghq @agsmbesrmd&h lﬂ@var@me lehBafcBePYEP 11 2 388Ratdd BistdH Retah

the inlet 144. As ses, the surface float 126 falls downwards
under gravi {1$2 aaéfseiygf}@erora?tetm@m e beea h1: of the ballast portion 130 and

al so by1¢ he wei ght of the el ongate nmenber 118 and the aggregate 160
contained therein. This downward notion of the surface float 126 drlves t he
el ongate maﬁﬁ@rr”rlgl@ giﬁﬂ'r?nZQt giis §8Qws e orogwaGtiondEramohnhe ayhedesotlde2 and the

Buring thiscpayasth@kber ’F1@Qal@ér§&l@ﬁ? n@amem iR @Qbsessnérhﬁv ¥eh@hcé Fedidie

punpi ng chanber 148, which causes the outlet_valve nenber 146 to nmove away

fromits sedb6 dndelineg kgivesn 68 axterealsuriperl 167 Gintiehglopamisi Membsrahitfernd 4t

through thejfesthhiatallfe. oan@cmasrf 102 THETRAMGI EIBERIAGE bENReAURE BYIinBEPF 21
towards hydroel ectric turbines or to a reservoir (both not shown) where it

may be &% or 8¢ #lengatamamaesd 18 Apdisateditnasiays 148 'SpﬁFPﬁSPH@aEPéX/?%‘@”l'D@ makipshe

used to pumhmt@rust THrQ%JGHo@hr@\é\%Eétﬂn%@ﬁiésthé flﬁg‘z’%ld'ertittahﬁ? 18Y SheWh |r3@©[]re
upstroke fol | owed downst roke constitutes one co e cycl e _of

punpi ng devPée i@od'afnsteé&f%e PR pifmpndigate by dee ﬂ%b'%f‘eﬁ‘i’%jh?@o‘ﬁé 7Ps'3s$5ﬁb| e

acting and Winm! TheutdrelisR¥Bs b BkeldHgatd\@eflbandas andBaLe by 1A deisle Pesdan
head 122 as the main gurrpl ng_stroke or main working stroke. This is in

contrast t o2fe¥t17gr iSor3&mm-skenseaventyi g ?Jﬁ'?ﬁﬂt?lg‘ kAT A8, hagrd erpsgeRetar| y
utili sezd heapRstHPkRc@ied Mt ShHHEARLSE WBNRBEs-SHoRAISARD dFeMd BSe 116. It is

important to note that this configuration is in contrast to prior art systems, for example the
device shown in Figure 1, which utilises an elongate member 5 of considerably smaller
diameter than the diameter of the corresponding bore. Consequently, that elongate
member 5 occupies a minority of the cross-sectional area of that bore.
25
Referring again to Figure 2a, the underwater float 114 is in the form of a collar that
connects around the upper end 134 of the cylinder 102. The underwater float 114 is of
substantial buoyancy, sufficient to support the cylinder 102 upright in the water 112 so
that the chain 110 remains taut, even on a vigorous downstroke of the elongate member
30 118 and associated piston head 122 within the bore 116.

The piston head 122 is disc-shaped and lies in a plane orthogonal to a longitudinal axis
174 of the bore 116. An annular sealing ring (not shown) surrounds the piston head 122
and abuts the internal wall of the cylinder 117 to form a seal between the pumping

35 chamber 148 and the clearance region 166.



35t he wor ki ng stroke; such devices suffer fromthe di sadvantage that the

el ongate nenber occupies a portion of the punping chanber and hence reduces
t he ef f ecwoveivsbuoe of WO 2011/ 030149PCT/ GB2010/ 05150 ctr2hm/qsusvpi Ng
chanmber. By utilising the downstroke as the main punping stroke in the
configuration shown in Figure 2a, the el ddgate nenber 118 does not occupy

t he punpi ng chanber 148, and hence the volune of water punped on the main
wor ki ng stroke corresponds to the entire swept volunme of the cylinder 102
by the pist dRe meawpins ermbgrSI¢8; whichris chyarving Y\%\W}?e p'lsltlﬂlo%lme E'ééﬁncfé%ad 14

singl e-acti mepuﬁ@bﬂmdgﬁwo,@% &&@gr@fas%h@wnan e% NPhe K/smmer& tﬁe%ﬁlﬁf{plng
between the cylinder 102 and the el ongate ne 118 at the open upper end

134 of the é?‘i’m?ﬁfeﬂﬁ@@r'e&e@a@@@r%f‘@%g\(ﬁ“ethPo°é"éepét\’°'ﬂlmes°fp@ierﬁy“i‘@erntﬁ as t

concern dueeroﬁ ABEmSRBr ﬂrsoyﬁ@%oewtédh@st%ﬁaiebag2eregp@&%mtrﬁmep¢&éqnahead
122. The pu ng device 100 is self-lubricating and utilises

t he
sur r ound? ng ThAtSEePy Yoluge i§ JapsPaertron| the gaeiPtacanmotiene oH A §lérfaf@0ﬂqa§ 126,

sel f-flushi Q@ichsé lid ek Jepérient8péd thet ABGht T WS whoed RenB N i@ ©f att 4 given
cylinder 102 is flushed out though the outlet 142 and the outl et pipe 150

on the downii@ed punpi ng stroke. 15 The ability of the punping device 100 to
self-adjust to rising and falling tides will now be described with
reference to Figure 2c. Referrln to Figure 2c, as the depth of the water
112 i ncr easége @peratign of Efier@mﬂ?“&fb Y'%@‘?JN'%‘@N b slgscripsd Withy reterenge @%Fg}ht e
menber 438 ap@raasapsipted piston head 122 to establish a new equilibrium
position in the water 112. In 20 this high tide equilibriumposition, the
el ongate nmenmber 118 is significantly extended fromthe cylinder 102. In

this extendedidp@sd filsPth FRuR 2H)iif lus@Nds REAPAEHhORcREsé 8t BoNeBEE 10BHPefe 118
is exposed to lateral forces fromwave novement for several hours. However,

i n contrast S&d W Pueyaney Ofst%tséﬁﬁce 197k 12¢ 6Ri¢ReEd! tRumAYSIUPIPEDS Wity riging gvave.

wi thstand t rgigeupwird @fovarnt ftd the diahdife SHeriBRlreMg aMal Sibtoh hedl MEStwidin iy ge
as the d| aneter of the 25cylinder 102, The chain 110 ensures that the

separat 1%n BeEwESn Quieg lyaepsteds: theaisio risien byad Irferreaiss adirgativroPressre iy

108 remai ns tRUAMERG bRhDerciaBShABH cassdshBe ﬁ@f'vﬁﬁe%&@“ﬁﬂr@@hi&é%mﬁa? flolS1 Ng

and falling tides; expressed in other words, the helézjht of the cylinder 102
remai ns its seat and water to be drawn into the pumping chamber 148 through the inlet™44.

As a wave passes, the surface float 126 falls downwards under gravity, assisted by the
20  weight of the ballast portion 130 and also by the weight of the elongate member 118 and
the aggregate 160 contained therein. This downward motion of the surface float 126
drives the elongate member 118 and piston head 122 downwards within the bore 116.
During this downstroke, the piston head 122 pressurises the water in the pumping
chamber 148, which causes the outlet valve member 146 to move away from its seat and
25  water to be expelled from the pumping chamber 148 through the outlet 142. The water is
pumped through the outlet pipe 150 towards hydroelectric turbines or to a reservoir
(both not shown) where it may be stored for later use. Alternatively, the pumping device

100 may be used to pump water through a reverse-osmosis desalination system.

30  An upstroke followed by a downstroke constitutes one complete cycle of the pumping
device 100. Notably, the pumping device 100 of Figure 2a is single acting and utilises
the downstroke of the elongate member 118 and piston head 122 as the main pumping
stroke or main working stroke. This is in contrast to most prior art single-acting pumping
devices, which generally utilise the upstroke of the elongate member and piston head as

35 the working stroke; such devices suffer from the disadvantage that the elongate member

occupies a portion of the pumping chamber and hence reduces the effective volume of



30substantially fixed whilst the el ongate nmenber 118 adjusts tel escopically
torising and falling tides. Referring to Figure 3, this shows a punping
devi ce 1ASoi2n1zscwdance with a second enbodi nent of thecpreaernosiseeent i on.
The sane reference nunerals are used in Figures 353 and 2a to denote

equi val ent conponents. The punping devi cd5176 is simlar in npbst respects
to the punping device 100 of Figure 2a, except that the punping device 176
WO 2011/ 030149PCT/ GB2010/ 051501 16 does not include a piston head at the

| oner end 13 RHMRIRG cApBAGAt BY Milighes theigownsiieke 38, the mie pemgRgestivkatie thel 18

has an openchsparati®Rdshbal: il FiguRmRN tMé Bt fmern%ereﬂm@b@@%t ch@pgy the

el ongate nmember 118 is hol [ ow.” Consequently, the punping chanber

addi tional | PU@QF‘Qrfiﬂ?”l?ﬁﬁ\éf‘asa”%f‘ﬁn‘i%@ed%‘ﬂm%toé V\{aftﬁreqqr@,qedlqrg thG MM WERENg

el ongat e SNBHRQS cdripohds foh!h% SROvEBNolurfle S e EARALS 107 BY itRedishet Wesn
t he cyllnder 102 and the el ongate nenber 118 at the upper end 134 of the

cyl i nder® 1032%0 prevent water escaping fromthe clearance region 166. This
enbodi ment does not include bearings between the elongate 10 nenber 118
and the internal wall 117 of the cylinder 102. Instead, a filmof sea water
in the cl eaf§Rd@ CPVEASHIP MaRY s icgstthe splecisigg REIPI dsiice 1O of b9y e

nmenber 118 vhiBESnbBqRRY £sdatBelechBe EYINHEIORT2 dH¥he BlUNLBR BN Ber AIBGAEOT
plant |ife accumulates in the clearance region 166, which acts as an

addi ti onal PB®} UeReT: endhp4 §f g crindped 0pi bﬁéalbﬁﬁdpréﬁﬂﬁ%'?ﬁ glothisheoiglels et

have been O%rﬁde@r‘ﬂdhé‘td:tr@%e%l BrovidedWyl the RBaRRPAGRE hRURE th1BiktohhRSE 122. The
15conponents may be simlar to those shown in g}e[rje 2a. Referrin

Figure 4, tRI'EPEHOIRIE Bldps ﬁ@'fﬂ@ficéﬁngl@dl%”'%ﬁsc SEangdnon water i fegas o
embodi ment pibritdR. M B8AMN, it @&VideOT00 iERRIFFRASMING SfiebEaREr mrt@ét%u%eo eed

in Figure 4 to denote conponents that are equivalent to components jn
Figures 3 aRattamg of thgeylinder 102 is flushed out though the outlet 142 and the outlet pipe 150 on
the downward pumping stroke.
15
The ability of the pumping device 100 to self-adjust to rising and falling tides will now be
described with reference to Figure 2c. Referring to Figure 2c, as the depth of the water
112 increases with a rising tide, the surface float 126 lifts the elongate member 118 and
associated piston head 122 to establish a new equilibrium position in the water 112. In
20  this high tide equilibrium position, the elongate member 118 is significantly extended
from the cylinder 102. In this extended position, a significant proportion of the elongate
member 118 is exposed to lateral forces from wave movement for several hours.
However, in contrast to prior art systems, the elongate member 118 is able to withstand
these forces due to its large diameter, which is almost as large as the diameter of the
25  cylinder 102.

The chain 110 ensures that the separation between the lower end 132 of the cylinder
102 and the sea bed 108 remains substantially constant as the device 100 self-adjusts to
rising and falling tides; expressed in other words, the height of the cylinder 102 remains
30 substantially fixed whilst the elongate member 118 adjusts telescopically to rising and

falling tides.

Referring to Figure 3, this shows a pumping device 176 in accordance with a second
embodiment of the present invention. The same reference numerals are used in Figures
35 3 and 2a to denote equivalent components. The pumping device 176 is similar in most

respects to the pumping device 100 of Figure 2a, except that the pumping device 176



20 punpi ng device 182 of Figure 4 is simlar to the punping device 176 of
Figure 3, in so far as it is bearingless, and has an open-ended el ongate
menber 1Moand/semb 180 at the upper end 134 of the cyl PodsB200As13dovwever ,
t he punping device 182 of Figure 4 has been nodified so that a surface
delivery outlet 184 is provided at the upper end 124 of the el ongate nenber
118. 25 The surface delivery outlet 184 conmunicates wth the el ongate

interior 178 of the elongate nenber 118, which is part of the p gl
chamber 14890¢s pai inclpdeve pistehBaad p8dhg éo"]{ﬁrd?ﬂddéao W P ﬁ'qnﬁatesmem@é 18.

delivery oujdsedaqlfe Jléﬂga@é’ﬁl’eﬁ@& h@hidgn Bt)éWVloWer Ehathdot eehMbR Wath thelfist

surface deli very out | et communi cate with an onboard 30 generator
or other suffRed m@@hﬂ%ﬁk@ngatweemmn e8 is polloyy- CrBSGAYRBYY: éfpﬁquryglngfch@wéer

cylinder 10248agidfeayPERBKA] u9¢v5rd@smtd tHese@%at@emwnbﬁdmmm Sh& ERsHEaRENT .
V\hllst a_coupling to the sea bed has again been omtted in Figure 4, it

will be 2ppfeEier ddt hat an arrangement sinilar to that shown in Figure 2a
may be enpl oyed. WO 2011/ 030149PCT/ GB2010/ 051501 17 5 and 2a to denote
equi val ent conponents. The punping device 200 is simlar in nost respects

to the punpihiisievbedment aoﬁseatﬂa@r'%p@a'dee)é@émertwgtcw'@d%éQZtﬁé@nthwwqa&j to

make it douR{epntRe Ul HQt thEPHEF &HL134 &tﬁ@eylrnaémzototdae\/efnt ivater BERQKHJWIH thd he
punpi ng devi ce 200 punps_water on an upstroke and on a downstroke of

t he el ongat é'eg??@ﬁﬁéﬁg'qu@%nﬂ"%g@Be‘i“ﬁle@Hd?ﬁssrt%WCH’@%’G?Q@QS heiwaRrHineingels t he

mai n comonﬁ{yn%e@q?f%h@% iARAYA wall 1r‘I¢|oﬂHeQ!}/I|ﬁ(§erFl'OgUﬂr%t@aili alfilR on'éH)WQﬂarm
device of Figure 5 includes a nmani rmof a conduit

ext endi ng pH}ea‘}"F?EP”%&Q@J@ﬂé{5r¥%9r'°?¥§’stﬂl’1%s'tf§ﬂ9 ’HHEQ” ‘Tcdbe ebﬁ@atemﬁmbqr 1H§é"’”§'”

| ower end 2@4 bdrat11iens tHQQ,\?Ilndla@ 1@2%&@?&0@“%3@ 1XR #D8céUnulates in the
communi cation with the outlet 142 of the Cé“l’l er 2. An upper portion 208

of the condGiefrapge regierfe Whichagh ahan gAdl QWt“et?”CfaWanhﬁt@rhﬂ'ﬁ'ett &% 3t es

at an upper c8ifing 10 thaMdLhed BaveUbsdradthittad liy Ffflukb%b Mo Bp J&%@@Qfed&h'étftﬁéée 212
of the underwater float 114. The upper end 2 the conduit 202

communi 2t eSOMPRIENIHBaY GE SHRIIFAIhY s ah gt BrFia® 28i a a manifol d inlet val ve
214. The upper portion 208 of the 15 conduit 202 also includes a nanifold
feed channel. 216 in comruni cation with the clearance region 166 between the

cyl i nder 10RefHENG e FUsh datdis mboyEra pygPing devse 3838 'Fsaoﬁ@@@r‘?fe&”tbeq Weikh
the cylindegmbBdinthtof fhe RéngalventiRTDRTe doh$e Alferbh&e HIRBIILAE u]saé} iPFiguhe

cylinder 102 in this enbodi nent to prevent water escaping fromthe
cl earance rég}Pd’r?”Q@GCO”ZQP”@ﬂtSathafo%?s%%@ée”tﬂ%éo'ﬂég%‘eﬁ%irhﬁ'ga%rﬁbé% Zgenb&
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148 through the outlet 142 and al ong the outl et pipe 150 in npuch
way as the @eliiz@eamless, ﬁP‘bU?%aQé’pePﬁWB%P'O”BWS "ReMPRnY &R %%alééa EY
Figure 5 al ggp éir@wmmfethelcpnrm&h@zs%m%deﬁltﬁ@bamﬁmgr@mcemst% 8 4 s
downst r oke V|a the manifold inlet valve 214 and throu the manitold feed
passage 216! been modified so that a surface delivery outlet 184 is prowded at the upper end 124 of
the elongate member 118.
25
The surface delivery outlet 184 communicates with the elongate interior 178 of the
elongate member 118, which is part of the pumping chamber 148. A ball-valve element
186 is provided within the surface delivery outlet 184 for controlling the flow of fluid
therethrough. The surface delivery outlet 184 may communicate with an onboard
30 generator or other surface equipment. The outlet 142 at the lower end 132 of the
cylinder 102 has been blanked off as it is not required in this embodiment. Whilst a
coupling to the sea bed has again been omitted in Figure 4, it will be appreciated that an

arrangement similar to that shown in Figure 2a may be employed.

35 Referring now to Figure 5, this shows a pumping device 200 in accordance with a fourth

embodiment of the present invention. The same reference numerals are used in Figures



On an upstroke, in addition to drawing water into the punping chanber 148
via the cylinder inlet 140, the rising elongate nenber 118 and associ at ed
pi ston hewo 202A30mwce 30 water out of the clearance regrorcER6fy 05130 0Ugh
the mani fold feed passage 216, down through the conduit 202, through the
mani fol d outlet valve 206 and cylinder out/l et 142 and al ong the outl et pipe
150. WO 2011/030149PCT/ GB2010/ 051501 18 on the upstroke usefully increases

t he aggregate vol une of the water punped b% t he punpi ng devi ce 200.
The fourth emvddianterfienple eprivaleicemprpacrdst 188 PHEIPEYCPTEaA00yis sinilar &1 Agsand

falling tidespbbts3bhee %@%m‘@ad’ev?e% {dteof Fighte 2aDOCEPpEMALL ARG IRAMMBAMRE 10

Various nodifications ma?;rg}, de to the above exanples w thout departing
from the scBl3&edt dpnleiaginht |T6‘ﬁr§§redéﬂ icRBi@Rst ot the fﬁ%tc@ﬁﬁ%?‘ieﬁb tee (Huﬁ@'”gzor

exanmpl e, whigbgte OG pﬁ)ﬁﬂ)éewﬁféﬁr&%' S&hd&ﬁ%éthﬂe%pbh Qagdé\b@stﬁﬁ(b'd?Qﬁé el&%aieo
t he sea bed 108 using a chain 10110, it will be appreciated that the

cyl i nder® 100eggr d 19 ang assasinées @'6toﬂﬁ‘§a§é§2bed 108 in other ways. For

exanpl e, the cylinder 102 could retained by a pivot coupling. Al so, whereas
sonme of the enbodi ments described above include a disc-shaped pi ston head
122 coupl ed/nt @dfifien |te\ibe BAR dPVPYTENtHECrbREAROVRERDERtiPNS0 Figulg P2p. e 15
appr eci at edphﬁ??ng'dbv%bhﬂrﬁgﬁﬁ@%qwlﬁ@éssa(Prﬁarﬁfti% |hﬂN@ﬂ$rin06T a E&%uﬂ'ﬁ)@%‘kt@% 122

nmay belntegra formed wth the el ongate nmenbe ) exanpl e, the
pi ston headP3Z2 e'n?(i'§il Péerpalitp #&jcwyd%rh% olfér coaduit ﬁ!?@ad@w‘?r%‘déf(ﬁ‘ al iBClhetfer
118. Fui@ heampdrioldMiitlesvaid 1206l RVdde@auri&lion With thd 8diet 200 AancsyiRgst @pove, are

configured to
upper portion 208 of the conduit 202 extends through the underwater float 114 and

terminates at an upper end 210, which is substantially flush with an upper surface 212 of
the underwater float 114. The upper end 210 of the conduit 202 communicates with the
surrounding sea water 112 via a manifold inlet valve 214. The upper portion 208 of the

15  conduit 202 also includes a manifold feed channel 216 in communication with the
clearance region 166 between the cylinder 102 and the elongate member 118. A seal
218 is provided between the cylinder 102 and the elongate member 118 at the upper end
134 of the cylinder 102 in this embodiment to prevent water escaping from the clearance
region 166.

20
On a downstroke, the descending elongate member 118 and associated piston head
122 force water out of the pumping chamber 148 through the outlet 142 and along the
outlet pipe 150 in much the same way as the device 100 of Figure 2a. However, the
pumping device 200 of Figure 5 also draws water into the sealed clearance region 166

25 on the downstroke via the manifold inlet valve 214 and through the manifold feed

passage 216.

On an upstroke, in addition to drawing water into the pumping chamber 148 via the
cylinder inlet 140, the rising elongate member 118 and associated piston head 122 force

30  water out of the clearance region 166, through the manifold feed passage 216, down
through the conduit 202, through the manifold outlet valve 206 and cylinder outlet 142
and along the outlet pipe 150.

As the clearance region 166 is narrow, the pumping device 200 pumps significantly more

35 water on a downstroke than on an upstroke. However, the contribution of water pumped



20 punp water 112 fromthe body of water, it will be appreciated that other
fluids, for exanple oil or gas, nmay be punped by connecting the inlet 140
to an appwopnitzseidbl uid reservoir. WD 2011/ 030149PCT/ GB@1iB201050sh119
Clainms 1. A wave-powered punpi ng device for location in a body of water, the
punpi ng devi ce conprising: 5a subnersibl d8cylinder to be anchored to the
bed of the body of water, the cylinder defining a bore;

underwat er float acting on the cylinder, the underwater fl oat bel

arranged t oonrigR UPPF@@WﬁQﬂd'ér'”‘Frﬁ@%?Saﬁhe@@gf@@fe ¥ell@st ftthevater F?LH’@OQ)éPBéFhe

a surface flLgapbingidedidgedoto float at, or close enough to, the surface of
the body of 10water in use to nove up and down in the body of water in
accordance with wave novenent and tidal novenent; and an el ongate

menber dependi "F(Shrfhré?ﬂbéd}ﬂeﬁ’t% fcaﬁﬁ%wfré&ﬁ)t adjlidt @el@é&ﬂ&amd@w@e&nﬁsﬁnﬂgq!.ldeg in
telescopically into the bore of e subnersible cylinder to define a

punpi ng Thafisesame VaY as thedreyamaadinent gres oEA 2b9%-he vol ume of the punping
chanber varies with wave novenent in a punping cycle to draw fluid into the
punpi ng chanber on an upstroke of the el ongate nenber and to punp fluid out
of the pumVﬁ@Ol@n@ﬁB@Pat&ﬂsﬁ‘%’o%m%HQ toe agﬁ\ge exaspRjat witheytsigparting from thene

l'ength of tBeyjausRhE thveRSHISS d¥icdas thd hEcdmdialin Wﬂ?ntFoF@xeﬂﬁbIHS\R/hﬁs@the
changing tidal depth by extending or retracti % el ongat e nmember

rel ative to2Ppe ?W'?%Q@W“\Wﬁlqoépm Bt Gyirdgsut tﬁgth%f@?&edcm P50 2eBss a
tidal range 10 tih@ntbeGfHbdisted that the cylinder 102 could be attached to the sea bed 108 in

other ways. For example, the cylinder 102 could retained by a pivot coupling.

Also, whereas some of the embodiments described above include a disc-shaped piston
head 122 coupled to the lower end 120 of the elongate member 118, it will be
15  appreciated that in other embodiments of the invention, the piston head 122 may be
integrally formed with the elongate member 118. For example, the piston head 122 may

be defined by the lower end 120 of the elongate member 118.

Furthermore, whilst the devices 100, 176, 182, 200 described above are configured to
20  pump water 112 from the body of water, it will be appreciated that other fluids, for
example oil or gas, may be pumped by connecting the inlet 140 to an appropriate fluid

reservoir.



nove the cylinder with respect to the bed of the body of water; and

to the extent that the elongate nenber is retracted into the bore of the
cyl i nder ,wohe1lsonagat e nenber occupies a majority of thecrramstossciononal
area of the bore. 252. The device of Claim1l, wherein the device is
configured such that the downstroke of tH® el ongate nmenber is the nmain or
only working stroke. 3. The device of Claim1l or Caim2, wherein the device
is single-acting. 304. The device of any preceding claim wherein the

punpi ng cha®®PSi s defined in a region of the bore bel ow the el ongate
menber when the cylinder is upright. 5. The device of any preceding claim
further including a piston at a |ower end of the el ongate nenber, the | ower
end bei ng rénot e%f%Yﬁ-p%ergerwawq Aedee fandoeaiion /ipsohadyrefTveispoe/TstL 20
6. The devi cgeffe adhpmdiRgedi ng claim wherein the underwater float acts on
an upper_end of the cylinder and the bore extends within the cylinder to a

| evel bePow the @rti@messiele ¢yliipder. toshe pngherediteetherbeshgf Hieebedi R Wetati Me

further conpyingbngefdhgtbdet at a lower end region of the cylinder, the
outl et comunicating with the punpi nq chanber. 8. The device of Claim?7,
wherei n the out | 8b UBdenigir dapkacting R tas cdindpe thecuitgnvater iat beingayianged (i d

from the pugrjente ePRdBENtd $h Bor[PIBhdhtatRAaAk iR wat8r; The device of any
preceding claim further conprising an inlet at a |l ower end region of the

cylinder, the i n?épﬁégﬁﬁﬁﬁﬁiaér}gf‘g%tovﬁqaha% RECIBERBIPHPNIRaE SHMagRIOTBE hgdy of
confi gured hWaterlihavel loudve NP ahdRICRATRI he ERETHENaRR IRMbcdBRIbhEK Yithf whhte
el ongat e nenber. .
movement and tidal movement; and
an elongate member depending from the surface float, the elongate member
extending telescopically into the bore of the submersible cylinder to define a pumping
chamber within the cylinder; wherein:

15 the volume of the pumping chamber varies with wave movement in a pumping
cycle to draw fluid into the pumping chamber on an upstroke of the elongate member
and to pump fluid out of the pumping chamber on a downstroke of the elongate member;

the length of the pumping chamber varies with tidal movement to adjust to
changing tidal depth by extending or retracting the elongate member relative to the

20  cylinder while effective pumping cycles continue across a tidal range without needing to
move the cylinder with respect to the bed of the body of water; and

to the extent that the elongate member is retracted into the bore of the cylinder,

the elongate member occupies a majority of the cross-sectional area of the bore.

25 2. The device of Claim 1, wherein the device is configured such that the downstroke

of the elongate member is the main or only working stroke.
3. The device of Claim 1 or Claim 2, wherein the device is single-acting.

30 4. The device of any preceding claim, wherein the pumping chamber is defined in a

region of the bore below the elongate member when the cylinder is upright.

5. The device of any preceding claim, further including a piston at a lower end of the
elongate member, the lower end being remote from the surface float.
35



10. The device of any preceding claim wherein the elongate nenber is nade
fromplastics material. 11. The device of any preceding claim wherein the
el ongat e werntbewroshms an i nternal 20cavity. 12. The devi eeTafB2@ioaismoll,
wherein the cavity contains ballast. 13. The device of any preceding
claim wherein a clearance region is defi2@ed 25bet ween the cylinder and the
el ongate nenber within the bore. 14. The device of Claim 13, wherein the
cl earance region_has a width that is less than 2 % of the dianeter of the
el ongat e neRber. TR 98Vighef IuRreecdsto @il mherein lgdndpnvaterdiont asth opRNUREST

cl earance regj Qi thé dyinddrear AWML bofe @xt}zﬁdmithﬂfﬁ;t@%}/lﬁ@éi G8 Plev@NbeRlnv Wi M5
13 to 15, wherein the elongate nenber is a sliding fit within the bore. WO

2011/ 030149PtdereaEn 02951501 21 17. The device of O aim 16, wherein
bearings are provided within the clearance region. 18. The device of Caim
17, wherein_a first bearing is nounted to an outer surface of 5the el ongate
nmenber. 9197 TheTB%ﬁet"ée(S’lf agy HreRedmg Gipiey dirher kemPripiag apeittichgt doweiupiced

at a |ower efbrP@thé BYlinGér, tEoRkOOIRHBNIERIHYSith the pumping chamber.

8. The device of Claim 7, wherein the outlet communicates with an outlet conduit
for conveying fluid from the pumping chamber to a remote location.

10
9. The device of any preceding claim, further comprising an inlet at a lower end
region of the cylinder, the inlet communicating with the pumping chamber and being
configured to allow fluid into the pumping chamber on an upstroke of the elongate
member.

15
10. The device of any preceding claim, wherein the elongate member is made from
plastics material.

11. The device of any preceding claim, wherein the elongate member has an internal
20  cavity.

12. The device of Claim 11, wherein the cavity contains ballast.

13. The device of any preceding claim, wherein a clearance region is defined

25  between the cylinder and the elongate member within the bore.

14. The device of Claim 13, wherein the clearance region has a width that is less

than 2 % of the diameter of the elongate member.

30 15. The device of Claim 14, wherein the width of the clearance region is in the range
of 5-10 mm.

16. The device of any of Claims 13 to 15, wherein the elongate member is a sliding fit
within the bore.
35



1020. The device of any of Clains 17 to 19, wherein a second bearing is
nmounted to an inner wall of the cylinder. 21. The device of daim 20,
wher ei n twe 2aaBaiobearing is located within an upper erdrmB2icmsimi t he
cylinder. 15 22. The device of any of Clainms 13 to 21, wherein the device
is configured such that in use, plant |if2 or algae accunulates in the

cl earance region to lubricate novenent of the elongate nenber within the
cylinder. 2023. The device of Claim22, wherein a scraper is provided at an
entrance tolfhe chedexiseol eimn!t dvhasein\Reasnoe BEe PsoMidad: wHigsthefclearange
life duringrdgrrenment of the elongate nenber within the cylinder. 24. The
device of any of Clains 13 to 23, wherein the device is configured such
that 25in use, a filmof water in the clearance region |ubricates novenent

of the el onggte mREVBYICHVOE Biagim irewR¥eind Bist bearingBs mMdIBtedayi e sa¥ce of
preceding claim wherein the cylinder includes a single tethering point to

whi ch a ? et Hisrelergatameatsrt o anchor the cylinder to the bed of the body
300f water. 26. The device of any preceding claim wherein the cylinder
has a length of at least 10 m WD 2011/ 030149PCT/ GB2010/ 051501 22 28. The
devi ce of an§- pr ébedieNigeATFIM URemeprein e Ersbhgatieg ifemouptedadl & loyein@ider

that is at heaish oPh¥edngoteméindeet er of the bore. 529.The device of Caim
28, wherein the dianmeter of the elongate nmenber is in the

10 20. The device of any of Claims 17 to 19, wherein a second bearing is mounted to an

inner wall of the cylinder.

21. The device of Claim 20, wherein the second bearing is located within an upper
end portion of the cylinder.

15
22. The device of any of Claims 13 to 21, wherein the device is configured such that
in use, plant life or algae accumulates in the clearance region to lubricate movement of

the elongate member within the cylinder.

20 23. The device of Claim 22, wherein a scraper is provided at an entrance to the
clearance region to remove an excess thickness of plant life during movement of the

elongate member within the cylinder.

24. The device of any of Claims 13 to 23, wherein the device is configured such that
25 in use, a film of water in the clearance region lubricates movement of the elongate

member within the cylinder.

25. The device of any preceding claim, wherein the cylinder includes a single
tethering point to which a tether can attach to anchor the cylinder to the bed of the body

30 of water.

26. The device of any preceding claim, wherein the cylinder has a length of at least
10 m.

35 27. The device of any preceding claim, wherein the elongate member has a length of

at least 10 m.



range of 500-1500 nm 30. A nethod of punping fluid using a wave-powered
punpi ng device, the punping device conprising a subnmerged cylinder urged

t owar ds awouwpri/ght4oposi ti on by buoyancy, 10an el ongate wemmB20iomsi®hiescopic
relation within the cylinder, and a fl oat arranged above the cylinder and
connected to the elongate nenber, the fl &t and the el ongate nenber being
arranged to reciprocate relative to the cylinder with wave novenent and
tidal novenent in the body of water, wherein the nmethod conprises: punping
fluid during a wave-driven punping cycle, whereby wave novenent in 15t he

body of wateg. Caqfﬁ@%le@ib@ofé%reé&%f&l@iﬂﬂ%f@ré@'ﬂ’%ﬁéloﬁgﬁbté RiehicPhas § disthétbi ve
to the cylinder at a frequency and to an extent driven by the frequency and

anpl i t ude ofhahisatdedsh9Qhof Brasiametenat e ;bond adj usting to tidal
variation in the body of water during a tidal period by extending or
retracting the elongate nmenber telescopically relative to the cglinder

whi | e me? nt 8Pni nghoderiee wh i 38 ¢vnemrinia giagipiareoftee glongatel membems dudiout

the tidal pegigedsso@ksodhen.net hod of Caim 30, further conprising
substantially maintai ning the height of the cylinder in the body of water

during a tidal period. 2532. The nethod of Caim30 or Caim31, further

conprising gper aniM&nhbier Wh@ﬂui@l%‘éing% WaleBoR¥d BlimpRb Aevice tM@beﬂﬂpﬁqpe
change in average depth of the water between high and |ow tide is up to 12
m 33. The ARYIROECTBRIISN%G? Aylyperoed £Ylinger W@%FQV@r&%a%%P@mP%“Q%@V RYQYRpEL e

nenber Py 3@HRIInGatbinéhbéAMdIdRop!rbIBEGT wiifin &l dRhddrOa ATEht driafi§ed Yhdvest

allowi ng the el gngate nenber to extend further froamthe cylinder to
accomodat e heetvdadarangd igenirsdgd orthaaloagatgimamins. hedeat and theglongaieqermesr any
of C ains 39eihg afrangddiolrB@proe BREIEID RO BJIREENGItH WEvEMBPEREntIRdeMbce 1N a
body of water having waves with a peak to trough height of 6-8 m
movement in the body of water, wherein the method comprisés:
pumping fluid during a wave-driven pumping cycle, whereby wave movement in
15 the body of water causes the float and elongate member to reciprocate relative to the
cylinder at a frequency and to an extent driven by the frequency and amplitude of waves
in the body of water; and
adjusting to tidal variation in the body of water during a tidal period by extending
or retracting the elongate member telescopically relative to the cylinder while maintaining

20  the wave-driven pumping cycle to pump fluid throughout the tidal period.

31. The method of Claim 30, further comprising substantially maintaining the height

of the cylinder in the body of water during a tidal period.

25 32. The method of Claim 30 or Claim 31, further comprising operating the pumping
device in a body of water in which the change in average depth of the water between

high and low tide is up to 12 m.

33. The method of Claim 32, further comprising extending the elongate member by

30 upto 12 m from the cylinder to adjust to a high tide, whilst allowing the elongate member
to extend further from the cylinder to accommodate waves in the body of water at high
tide.

34. The method of any of Claims 30 to 33, further comprising operating the pumping

35 device in a body of water having waves with a peak to trough height of 6-8 m.



23 35. A wave-powered punpi ng device substantially as herein described,
with reference to or as shown in any of Figures 2a to 5 of the acconpanying
dr awi ngs.wo02611/030ret hod of punping fluid substantially a@sTheB2eionsdascri bed

with reference to any 5of Figures 2a to 5 of the acconpanyi ng draw ngs.
23

35. A wave-powered pumping device substantially as herein described, with

reference to or as shown in any of Figures 2a to 5 of the accompanying drawings.

36. A method of pumping fluid substantially as herein described with reference to any

5  of Figures 2a to 5 of the accompanying drawings.



